The Bio-ecological Drainage System, or BIOECODS, is an urban drainage system located at the Engineering Campus, Universiti Sains Malaysia. It consists of a constructed wetland as a part of the urban drainage system to carry storm water in a closed system. In this closed system, the constructed wetland was designed particularly for further treatment of storm water. For the purpose of studying the water balance of the constructed wetland, data collection was carried out for two years (2007 and 2009). The results show that the constructed wetland has a consistent volume of water storage compared to the outflow for both years with correlation coefficients (R 2 ) of 0.99 in 2007 and 0.86 in 2009.
INTRODUCTION
Water balance has become a tool for managing water resources, operations and decision making, especially in agricultural areas, in order to ensure that crops receive a sufficient amount of water even in extreme conditions. Water balance is also a tool for protecting and maintaining the ecosystem of an environment, especially in swampy and wet areas. Managing accurate water balance assessment is necessary for short and long term water resource management. In order to do so, hydrological and meteorological data or components are most important for developing an accurate water balance. Recently, water balance for constructed wetlands has become a concern for researchers, as discussed by Huebner et al. (2009) , Mogavero et al. (2009) and Shen & Chen (2009) .
Impacts from climate change appear to interfere with water balances as well, such as in Lake Balaton (Nová ky (2008) and Honti & Somlyó dy (2009) ). It is believed that environmental problems such as global warming, water scarcity, in addition to urbanization and population growth, are contributing to the hydrological changes, increasing water needs or use, water unbalances and unstable wetland ecosystems. Notably, the two main functions of the constructed wetland are to reduce peak flows and to improve the water quality of stormwater runoff. The constructed wetland is an important facility in urban drainage systems for the control of both parameters mentioned above.
The hydrology of a constructed wetland depends on the soils, nutrients and chosen species, which consequently influence the character of the ecosystem developed. In the constructed wetland, water comes from precipitation, overland flow, overbank flow and groundwater discharge.
The water will flow out or be lost from the constructed wetland through evaporation, plant transpiration, channels, overland flow and groundwater recharge (Ramsar 2005) .
Constructed wetlands are commonly studied to check their capabilities for removing pollutants and reducing peak flow, doi: 10.2166/wst.2010.473 but the water balance study of constructed wetlands is rare due to the long-term period of data needed.
Because the development of water balance involves long term monitoring and difficulty in estimating certain hydrologic components (e.g. groundwater-surface water exchange), its study has been hindered. A few studies have been conducted regarding the water balance of constructed wetlands for humid tropic climates, and thus this paper focuses on short term monitoring data as the beginning of a later detailed study. The objective of the present study is to obtain water balance data of a constructed wetland under a humid tropic climate over the short-term. 
STUDY AREA AND DATA COLLECTION

DATA ANALYSES
The hydrologic budget equation of the study area based on the changes in the surface-water volume for a given time period is equal to the difference between the water inflows and outflows, as shown in Equation (1). The daily climate and hydrology data are the best representation of a detailed process in a water balance analysis.
where DS is the change in storage (delta storage), P gross is the gross precipitation, GW in is the groundwater flow into the system, SW in is the surface water flow into the system, I is the interception, ET is the evapotranspiration, GW out is the groundwater flow out of the system and SW out is the surface water flow out of the system. All values were determined on a daily basis (Kirk et al. 2004) . calculated by using the basic water balance equation is as follows:
where P is the precipitation over the constructed wetland 
RESULTS AND DISCUSSION
All elements that contribute to the water balance determination in the constructed wetland were studied.
High precipitation was recorded in the range of 81 mm to A high volume of surface runoff also occurred in the wetland area, and it was calculated in the range of 33.4 £ 104 cubic meters (m 3 ) to 21.1 £ 105 m 3 ( Table 2) .
The volume runoff-precipitation ratio also varied depending on the volume of runoff and precipitation each month.
Shen & Chen (2009) showed that the ratio of evaporationprecipitation and runoff-precipitation vary for different (Table 3 ). It is believed that the runoff volume strongly depends on the evaporation rate and precipitation that the study area received. Yao et al. (2009) showed that high rates of evaporation occurred in their study area (Harp Lake, Ontario Canada), where the lake area was about 0.714 km 2 .
The highest rate of evaporation they recorded was about 434 £ 103 (m 3 ).
This study also found that the regression relationship between the water balance and outflow of the constructed wetland had a correlation coefficient value (R 2 ) of 0.99 for 2007, as illustrated in Figure 8 . For 2009, a correlation coefficient of 0.87 was obtained (Figure 9 ). 
CONCLUSIONS
A constructed wetland functions not only to treat stormwater runoff but also to control the quantity of stormwater that flows downstream. As a component of BIOECODS, the performance of the constructed wetland for water storage (quantity control) was studied. Although the study area received a high amount of rainfall and also had a high evaporation rate, particularly in 2009, the constructed wetland was found to be capable of storing water according to design.
Further studies are needed for long term data monitoring and for determining what other scenarios and parameters contribute to the water balance in constructed wetland. Developing the model for water balance in the study area will give a reliable indicator for future water resource management and planning.
